To improve re-use of tinie/frequency slots in a cellglar radio system, it is desirable for the average interference levels seen by all users to be made approximately equal. We provide constructions based on orthogonal latin squares that guarantee different sets of users to interfere in successive slots. We illustrate how this may be combined with convolutional coding to provide large performance improvement with low delay in a slow hopped system.
SUMMARY
In mobile cellular radio, the dominant impairments are multipath fading and interference from other mobiles. In conventional TDMA systems, mobiles, are assigned slots which they keep from frame to frame. The interfering mobiles are assigned slots in the same way. As interference levels vary widely between slots, the result is that some mobiles suffer from persistently poor SNR.
Systems are generally designed for 90% or 99% worst case conditions. Therefore, the result of this uneven interference distribution is overly conservative restrictions on frequency re-use between cells, and thus reduced capacity.
If instead the slot assignments were arranged such that different interferers were encountered in successive frames or slots, then the worst case error stlitisitics would improve, particularly in combination with channel coding across the slots or frames. A number of recent papers [1, 2, 3] have proposed randomizing the interference with beneficial results. We provide specific constructions that lead to good performance with low delay.
The allocation of time/frequency slots to different users in the same cell, and to users in neighbouring cells is a combinatorial problem of some delicacy. We begin by considering a frame to be an n x n array where the rows correspond to frequency slots, the columns to time slots, 2nd the array entries to different users. Each user in each cell hals an individual hopping pattern, and the symbol denoting that usjer occurs exactly once in each row and column of the frame, as for example in frequency-hopped systems. Thus, it is possible to accomodate n different users in each cell. The combinatorial problem is to allocate hopping patterns in neighbouring cells so thiit two users in these neighbouring cells interfere in at most one time-frequency slot. We show that if n is a prime power then there are n-1 ways of allocating time-frequency slots with the desired inbcrference properties. The construction is based on mutually orthogonal latin squares. Combinatorial designs associated with latin squares lead to allocation strategies sity.
for TDMA systems and for TDMA systems with frequency diverUse of these allocation strategies results in independent interference levels across slots, and therefore channel codes may be used to provide diversity p r o t d o n against the resulting variations in signal to interference ratio. If in addition the slots are at different 251 frequencies, the code will provide frequency diversity protection against fades in the signal level. The diversity protection lowers the signal to interference ratio threshold required for reliable operation, permitting re-use of all slots in neighbouring cells. As in CDMA systems, interference levels will now directly depend on the number of users, with some back-off from the maximum required for acceptable performance. The reduction in the number of users implied by the use of a rate l/m code, m an integer does not materially affect the capacity provided m is reasonable, since coding can take the form of occupying m slots with reduced power. The interference power is unchanged from the case of transmitting at the nominal power using 1 in m slots. Another benefit of coding is increased resistance to noise, and consequently the average transmitter power requirements are reduced.
Compressed speech presents a challenging channel coding problem. Delay is a critical parameter, with the maximum acceptable delay on the order of 20 to 40 ms. For 8 kb/s speech with a 20 ms delay, there are only 160 information bits. In this time, reasomble frequency and interferer diversity must be achieved, along with coding gain. We analyze a slow frequency hopped TDMA approach involving convolutional codes and differential QPSK.
For slots of 8 to 16 information bearing signals, it is very difficult to estimate the signal to interference ratio (a) in the presence of rapid multipath fading. Due to the uncertainty in this estimate, soft decision decoding is in some cases outperformed by hard decsion decoding combined with an erasure-declaring mechanism. Moreover, for two antenna branches, selection diversity performs quite well relative to combining based on W. Our results indicate that a conventional TDMA system with coding is inferior to the CDMA system proposed in [4] at all reasonable outage probabilities, if re-use of all frequencies is attempted in every cell. However, a slow-hopped system using the method of orthogonal latin squares yields as much as a factor of 2 in increased capacity depending on the particular assumptions made about the propagation environment.
Unequal error protection may be of use with compressed speech, since not every bit has an equal effect on the perceived quality of the reconstructed speech. We present an example of how this might be achieved with low delay and minimal extra complexity cost. We also discuss coding in slow fading environments. 
